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III. 



Remarks 



A. 



35 USC §112, 2 nd If 



Claims 1-9 and 13-20 stand rejected under 35 USC §1 12, 2 nd % as being indefinite 
Tor failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. 

Applicants have submitted the Declaration of Phil Ropp(attached as Exhibit A) in 
support of Applicants assertion that the claims are clear as written. On of ordinary skill 
in the art would understand the steps of protecting and deprotecting. Accordingly, 
Applicants respectfully request reconsideration. 

F. Double Patenting and Provisional-Type Double Patenting 

First, Claims 1, 3-9 and 13-20 stand provisionally rejected under the judicially 
created doctrine of double patenting over Claims 1-9 and 13-20 of copending application 
serial no. 10/287,188 (the application should be 10/287,118). Applicants respectfully 
request reconsideration of the provisional rejection as a Preliminary Amendment was 
entered upon filing of application serial no. 10/287,1 18. Claims 1-9 and 13-20 are no 
longer pending. Claims 21-32 are now pending. The Claims are not identical. 
Accordingly, Applicants respectfully request reconsideration. 
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Likewise and secondly, Claims 1-9 and 13-20 of application serial no. 10/255,244 
have been cancelled, without prejudice or disclaimer. Only Claims 10-12 remain 
pending. Therefore, Applicants respectfully request reconsideration. 



VI. Conclusion 

The application is believed in a condition for allowance and Applicants 
respectfully request such action. Applicant respectfully requests an interview with the 
Examiner. Please call the below undersigned attorney at (302) 933-4034. Please charge 
deposit account number 02-2334 for any required fees and credit any credits and for a 



one-month extension of time. 




Akzo Nobel Pharma Patent Department 
405 State Street 
Millsboro, DE 19966 
(302) 933-4034 telephone 
(302) 934-4035 facsimile 
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Certificate of Facsimile Transmission 

1 hereby certify that this paper is beHjft4 r .3 n >milicci by facsimile on the date indicated below 

Date_ -r n'^i 

Atty Docket No.: D/2000.616 US C2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In rc application of: 
CONN KT AL. 

Serial No.: 09/998,619 Group Art Unit: 1653 

Filed: November 30, 2001 Examiner: Liu, S. 

For: PURIFICATION OF HUMAN TROPONIN I 



Assistant Commissioner of Patents 
Washington, D.C. 20231 



Dear Sir: 



Declaration Of Philip Ropp Pursuant to 37 CFR §1.132 

1. I, Philip Ropp, residing in North Carolina, state that the following is true and correct 
to the best of my knowledge, under penalty of perjury. These statements arc made 
with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment or both under Section 1001 of Title 18 USC and that such 
willful false statement may jeopardize the validity of the instant patent application or 
any patent issuing thereon. 

2. I am an Associate Director of Purification Development for Diosynth RTP, Inc. 
Diosynth RTP is a company of Akzo Nobel NV, the assignee of record. My office is 
located in Cary, North Carolina, USA. 

3. My educational background includes a doctorate in biochemistry from University of 
North Carolina at Chapel Hill. 

4. As an Associate Director for Purification Development, I am involved in application 
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5. 



6. 



7. 



of the technology of the instant application. 

It is my opinion that people ordinarily skilled in the art understand the meaning of 
protecting and "deprotccting" sulfhydryl groups. These terms are also commonly 
referred to as "blocking" and "deblocking" (Chan 1968, Kim et al 1997 
Mukhopadhyay 2000). " 

It is well known in the art that the purification of proteins that contain multiple 
cysteine residues can be complicated due to the formation of disulfide linked 
aggregates and/or disulfide isomers. To simplify the purification process the 
disulfide bonds are routinely reduced with a reducing agent. This allows for the 
purification of a homogeneous form of the protein. During the purification the 
protein needs to be maintained in a reducing environment to prevent the spontaneous 
reformation of disulfied bonds or the free sulfhydryl groups can be protected by 
reacting the reduced protein with chemical agents that react with the sulfhydryl 

Part of the novelty of the instant invention was in protecting the free sulfhydryl 
groups. By protecting the free sulfhydral groups, the protein no longer needs to be 
maintained in a reducing environment. 

8. Further novelty is found in that the sulthydryls are reversibly protected In this 
manner, the protecting group can be removed at some point in the process. 

9. Oxidative sulfitolysis is a cyclic process in which disulfide bonds are reduced by a 
reducing agent, in an embodiment of the patent, the reducing agent is sulfite to 
generate one S-sulfonated cysteine residue and one half-cystine residue The 
oxidizing agent, in and embodiment of this patent, is letrathionate. The half cysine 
residue ,s converted back into a disulfide starting the cycle again In the presence of 
excess reagents, this process continues until all cysteins have been converted into the 
b-sulfonated form (see figure 1 A of the patent). 

10. It is well known in the art that protected cysteine S-suIfonates arc produced by 
oxidative sulfitolysis. They, themselves disulfides. These cysteine S-sulfonates can 
then be readily reduced, or deprotected, back to cysteine, with a free sulfhydral by 
any common reducing reagents such as dithiothreitol, 2-mercaptocthanol cysteine 
or gutathione to name a few. In this patent, the deprotection, or reduction of the 
sulfonated protein is effected by dithiothreitol (sec figure 1 1 of the patent) 
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. 1 have enclosed copies of three prior art articles that discJose protectine/deprotect.nc 
and/or blocking/deblocking. (Referenced below) Accordingly, it is my opinion thai 
one skilled in the art would find the claims definite and understand the stcp(s) for 
protcction/deprotection. 
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A method for the complete S sulfonation of cysteine residues in proteins, 

Biochemistry Volume 7, Issue 12, December 1968 Paves 4247-4253 
Chan, WW-C 



Molecular assembly of the extracellular domain of P2X2, an ATP-gated ion channel, 

Biochemical And Biophysical Research Communications, Volume 240 Issue 3 
November 26, 1997, Pages 618-622 
Kim, M; Yoo, O J; Choc, S 



Reversible protection of disulfide bonds followed by oxidative folding render 
recombinant hCGbeta highly immunogenic, Vaccine, Volume. 18 Issue 17 March 6 
2000, Pages 1802-1810 
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BICO.tM.CA.. AND BIOPHYSICAL RKSfcARCH COMMUNICATIONS 240, 618-622 (1997) 
ART1CLKNO. RC977713 



Molecular Assembly of the Extracellular Domain of P2X ? , 
an ATP-Gated Ion Channel 



Received September 29, 1997 



We have produced the putative extracellular domain 
(ECD) of the ATP-gated ion channel. P2X 2 . in a bacte- 
rial expression system. The hcxahistidine U»ggcd pro- 
tein was purified by immobilized metal affinity chro- 
matography and refolded by sulfitolysis and dialysis. 
We demonstrate that P2X.-ECD forms a stable tetra 
mer in solution by gel filtration chromatography dy- 
namic light scattering and analytical sedimentation 
centrifugatlon. [«- 32 P]ATP has been cova lently cross- 
linked by UV irradiation to the P2X 2 KCD and this 
binding is specific and competahle by antagonists sur- 
amin and cibacron blue. These results indicate that 
the binding affinity among P2X 2 ECD subunits is a P 
preciably stronger than 3.4 M M (0.1 mg/ml), implying 
that the extracellular domain of P2X 2 is primarly re- 
sponsible for tetramcrization of whole P2X 2 and thus 
probably plays a role In determining homo and heter 
omeri7^tion specificity of PZX channel subunits. c ww 

Academic Pnus 



F2 receptors are cell surface proteins which mediate 
the physiological effects of extracellular ATP in mam- 
malian cardiovascular, immune and nervous systems. 
P2 receptor subtypes have been defined according to 
the relative potency of various nucleotide agonists arid 
by differences in signal transduction mechanisms. By 
these criteria, five main subtypes have been proposed 
to exist: P2Y, P2U. P2T. P2X and P2Z (1-3). Physiologi- 
cal studies and molecular cloning of functional cDN As 
encoding many of these receptors have revealed a large 
family of G-protcin coupled receptors (P2Y, P2U and 
possibly P2T) and ion channels (P2X and PZZ) that 
are responsive to ATP. At present, there are 7 known 
subtypes of P2X receptors sharing approximately 40 /o 
sequence identity (P2X, - P2X 7 ) (4-14) The P2X recep- 
tors (including the recently identified P2X 7 . formerly 
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P2Z) contain an intrinsic ion channel which is approxi^ 
mately equally permeable to small cations (Na . K 
and Ca 1 *) and is directly gated by ATP. ^Pression of 
a single cDNA clone in Xenopus oocytes or transfected 
mammalian cells is sufficient to direct the synthesis of 
functional, ATP-gated ion channels on the surfaces or 
these cells. In these expression systems there are phe- 
nocypic differences among the receptors, particularly 
with respect to rates of desensitization and relative 
sensitivities to the agonist a/3-meATP and the antago- 
nists PPADS and suramin (11.15). 

The largest family of ligand-gated ion channels in- 
cludes the acetylcholine, serotonin, glycine and GA- 
BA\ receptors. Based largely on studies of the acetyl- 
choline receptor, these proteins are believed to consist 
of 5 subunits arranged in a toroidal fashion to delineate 
a central aqueous pore. Each subunit consists of a large 
ammo-terminal extracellular ligand-binding domain 
followed by four transmembrane segments^. Ihe P2X 
receptors define a novel structural motif for ligand- 
natrd ion channels in which each subunit is proposed 
to have two transmembrane domains Hanking a large 
putative extracellular loop. The occurrence of only two 
transmembrane domains is reminiscent ot the in 
vvardly-rectifying potassium channels, wee or niecha 
nosensary channels from C. elegans. and anulonde sen- 
sitive sodium channels which are believed to be com- 
posed of four subunits (16-19). 

P2X 2 has been recently characterized as one ot the 
P2X receptor family members, originally isolated from 
a cDNA library of rat pheochromocytoma PC 1 ?. cells 
differentiated with nerve growth factor (5). P2X 2 recep- 
tors which has shown expression in several tissues, 
bladder, brain, spinal cord, intestine and vas deferens, 
arc sensitive to the antagonist suramin. P2X, functions 
as cation-selective ATP-gated Ion channel, which is 
thought to be activated by ATP binding to the extracel 
lular domain of P2X 2 (5). 

I ittlc is known about the family of P2X, receptors 
on the molecular level. Which regions of the receptor 
form the ligand-binding pocket and how do they inter- 
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FIC. 1. Predicted topology of the P2X 2 receptor (5). The P2X 2 
receptor is shown with both N and C termini in the cytoplasm. Two 
putative membrane-spanning segments (Ml and M2) traverse the 
lipid bilayer of the plasma membrane and are connected by a hydro- 
pliilic segment of -270 amino acids that encompasses the ligand- 
binding domain (P2Xy-ECD). 



act with nucleotide on the molecular level? How do the 
P2X receptor subunits interact with each other to form 
homomeric or heteromeric complexes? In the present 
study, we have sought to address some of these ques- 
tions through the characterization of the ligand-bind- 
ing properties and quaternary structure of the extracel- 
lular domain of P2X 2 (P2X 2 -ECD). Z This protein frag- 
ment has been overexpressed in bacteria, solubilized 
in urea, and refolded. Analytical ultraccntrifugation, 
dynamic light scattering, and gel filtration chromatog- 
raphy indicate that the P2X 2 -ECD forms a stable tetra- 
mer in solution. Wc demonstrate this purified, refolded 
P2X?-ECD now provides a direct means to biochemi- 
cally and structurally characterize the ATP binding 
site of the P2X 2 receptor. 

MATERIALS AND METHODS 

Construction of P2X r ECD plasniid. The pP2X 2 ECD encodes a 
sequence of extracellular ATP binding domain of P2X 2 except M5. 
under the regulation of T7 polymerase of a bacterial overc-xpression 
vector pET28a (Novagcn). Fig 1 shows the putative topological model 
of P2X 2 (5). A fragment of the open reading frame of the P2X r F.CD 
(Lys 53 to Lys**) was amplified by PGR using ptu polymerase tmd the 
primers 5' TG CCG CGC GGC AGC CAT AT C AAA AGC TAC GAG 
GAG AGC -3' and 5'-CG ACG GAG GTC GAA TTC GGATCC TI'A 



1 Abbreviations: P2X 2 -ECD. extracellular domain of P2X 2 : FPI.C. 
fast process liquid chromatography. SDS-PAGE. sodium dodecyl sul- 
tate-polyacrylamidc gel electrophoresis; NTSB. disodium 2 nitro-5- 
thiosulfobenzoatc; IPTG. isopropyl-/3 n thiogalar.topyranoside. 
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TIT GAT GAG AGT TCG ACT-3 ' and using P2X 2 cONA (5) as a 
template (Ndel and Bamlll restriction sites are underlined). The 
HCR product was subcloried inro the vector pET28a wliich fuses the 
P2X 2 -ECD in frame to an arnino-terminal methionine, hexahistidinc 
tag. and thrombin cleavage site, respectively This cloning srhenie 
results in the addition of a stop codon after the codoii for Lys 

Expression ofP2X z -ECD. The plasmid (pP2X 2 -F.CD) was trans 
formed into E.coll BL21 (DE3) for protein expression. Trans- 
formants were grown at 37°C in LB medium plus kanamycin (50 
tig/ ml). The overnight culture was diluted 1:200 in the same me 
dium and grown until A 60 o was O.G 1.0. Protein expression was 
then induced at 30"C by the addition of 200 ,/M Isopropyl j3-D- 
thlogalactopyranoside (IPTG). After 3 h of induction, cells were 
pelleted and stored at — 70°C 

Purification ofP2X,ECD. Cells were lysed by a combination of 
lysozyme treatment and sonication. Cell pellets were thawed quickly 
at 37°C, and resuspended in lysis buffer (20 mM I ris. pH 7.0. 150 
mM NaCl. 2% Triton X-100) of 10 times the wet volume. Lysozyme 
(100 jig/ml final) was added to the cell suspension and tile mixture 
was incubated for 30 min on ice. The lysate was sonicated, and cell 
debris was removed by centrifugation at 10.000 x g for 20 min The 
pellet containing P2X Z -ECD was washed twice in wash buffer (20 
mM Tris, pfl 7 0, 150mM NaCl. 2 Murea, 5 mM 0 mercaptoethanol). 
The pellet was then resuspended in solubilization buffer (20 mM 
Trls, pH 8.0, 8.0 M urea. 150 mM NaCl, 5 mM /3-mercaptoothanol) 
and by rocking gently at room temperature for 1 h. Insoluble material 
was removed by centrifugation at 10,000 x g for 40 min at 4°C. 
and the soluble fraction was subsequently subjected to Ni-affinity 
chromatography. The soluble fraction was Incubated for 2 h with 
Ni-NTA resin which was pre-equllibratod in solubilization buffer. 
Unbound protein was removed by washing the resin with 20 mM 
Tris. pH 8.0, 8.0 M urea, 150 mM NaCl. 5 mM imidazole. Bound 
protein was eluted with the same buffer containing 250 mM imiria 
zole. The concentration arid purity of the eluted fractions were esti- 
mated by Bradford method (20) and by a 15% SDS-PAGE. 

SuWtolysIs and refolding of P2Xz-ECD. Priui to sulfitolysis. the 
protein solution was adjusted to pH 9.0 by adding 0.5 N NaOH, and 
incubated with sodium sulfite (200-fold molar excess) for 10 min. 
Then NTSB stock solution (21) was added in the amount of 0.5 ml 
^imolc"' protein and stirred for 30 min. At 5 min intervals, allquors 
(10 ill) were removed and diluted with 0.1 M Tris buffer (pH 9.0). 
The absorbance at 412 ran was measured to determine the endpoint 
of the reaction. Urea was removed gradually by dialysis against a 
minimum of 20 volumes of buffer A (20 mM Tris. pH 9.0. 150 mM 
NaCl) in steps of 2. 1. 0.5, and 0 M urea. Sulfite groups were removed 
from P2X 2 ECD by dialysis against buffer B (20mM Tris. pH 8 0. 150 
rnM NaCl) plus 5 mM ft mercaptoethanol. To remove the hexahisti 
dine tug from the amino-termtnus of P2X Z -ECU. thrombin (1:1000 
thrombinproteln by weight) was added to the protein solution and 
the mixture was riialyzed against buffer B plus 5 mM ft mercaptoeth- 
anol and 2.5 m.M CaCU at TC. uvernight. Finally. P2X^-F,CD protein 
was purified by gel filtration chromatography (Superdex S200, Phar- 
macia) In buffer B. Protein identity was confirmed by ammo-terminal 
amino acid sequencing. 

Photoaffinily labeling. Purified P2X, ECD (10 ^g) was incubated 
with 2 nM In-^PIATP at 4°C for 2 )> in buffer R plus 2 mM MgCl 2 . 
As a control, P2X 2 -ECD was eolncubated with 100 fiM nonradiola 
lieled ATP under the same condition prior to the exposure to the UV 
irradiation. After incubation, samples were irradiated by a hand- 
held UN' (254 nni) lump for 10 min at a distance of 5 cm. Protein 
was precipitated by the addition of 2 volumes of cold acetone and 
intubation at 4 = C. overnight mid were subsequently analyzed by 
SDS-PAGE. Dried gels were autoradiographed at -80°C using 
X-Omat X -tay film (Kodak). 

Anslyn'r.i! ultrdcentrifugntinn. Sedimentation equilibria were 
determined with a Optima XL-I ultrncentrifuge (Beckman) Three 
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FIG 2 Purification of P2X 2 -ECD on Ni-NTA cliromatography. 
Induced pioteins were extracted with 8 M urea and the soluble frac 
Hon was loaded onto a Ni-NTA column and chromatographed as 
describe.! in the Materials and Methods. (A) Lane 1. total 8 M urea- 
solubilized proteins, lane 2. flow through: lane 3. proteins eluted I by 
low concentration of imidazole: lanes 4-6. eluted fractions with 2a0 
mM imidazole. The positions of molecular size markers are shown. 
(B) Coomassie stained SDS-PAGE of refolded P2X 2 -ECD before and 
after the cleavage of hexahistldine tag. Lane 1. before cleavage (31 
kDa); lane 2, after cleavage (29 IcDa). 



concentrations of P2X 2 ECD (0.1. 0.2. and 0 5 mg/ml) m 120 pi voL 
ume each were centrifuged at two centrifugation speeds (7 K and 1U 
K rpm) Tor 1C h to ensure the equilibrium. Absorbance at 280 ran 
was measured at 1 h time intervals. Approach to equilibrium was 
monitored by calculating RL'S deviation of each data set compare, 
to the last data set using the program MATCH (Jeff Lazy, National 
Analytical Ultracentrinjgarion Facility. Storrs, CT). Data were ana- 
lyzed and plotted by global nonlinear least squares fitting using the 
program WINNONLIN (22). 



RESULTS 

Ovcrexpressinn and purification of P2X r ECD. The 
P2X 2 -ECD was over-expressed in bacteria with an 
amino-terminal hexahistidine-tag separable by throm- 
bin cleavage site. P2X 2 -ECD was induced by 200 
IPTG at 30°C for 3 h at a level of over 100 mg liter 
bacterial culture, and the induced protein appeared in 
inclusion bodies. A rapid, single step-purification using 
Ni-affinity chromatography was performed, yielding 
approximately 50 mg of P2X 2 -ECD from 1 L cell cul- 
ture. The eluted P2X,-ECD was in excess of 95 % purity 
based on Coomassie staining and migrated with the 
expected mobility of 31 kDa protein (Fig. 2A). Cysteine 
sulfhydryl groups were blocked by sulfitolysis and the 
protein was refolded by the gradual removal of urea. 
Sulfite groups were then removed from the protein by 
reduction. After the removal of the amino-terminal 
hexahistidlnc tag by thrombin digestion, the resulting 
protein migrated as a single band with increased mobil- 
ity at the predicted molecular size of 29 kDa (Fig. 2B). 
Finally. P2X-F.CD was separated from proteolytic 
fragments and thrombin by gel nitration chromatogra- 
phy. The identity 0 rP2X r ECD and the actual cleavage 
site were verified by N terminal amino acid sequenc- 
ing. The amino terminal amino acid of the final protein 
preparation was Scr i4 , which is internal to the pre- 
dicted thrombin cleavage site. 
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la - X P\ -A TP photoaffinity labeling. To demonstrate 
that ATP directly binds to the purified P2X ? -ECD. we 
carried out photoaffinity crosslinking of [«- 32 P]ATP to 
the purified P2X.-ECD. Refolded P2X 2 -FCD displayed 
specific binding to [a- 32 P)ATP and this binding was 
competable by Lhe antagonists suramin (1 yM) and ci- 
bacron blue (10 jiM). Purified P2X.-ECD denatured by 
8M urea (Fig. 3) showed the same level of ATP cross- 
linking whether an excess amount of nonradioactive 
ATP was present or not. indicating that denatured 
P2X ? -ECD binds a low level of ATP nonspecifkally. 

The molecular Size of P2X Z ECD We used gel fil- 
tration cliromatography, dynamic light scattering, and 
analytical ultracentrifugation to determine the approx 
imate molecular size and therefore the quaternary 
structure of the refolded P2X 2 -ECD. Fig. 4A shows the 
gel filtration chromatography profile. The molecular 
size was estimated to be approximately 160 kDa based 
on elution times of four molecular weight standards. 
Dynamic light scattering, which measures the transla- 
tional diffusion coefficient of the protein, indicated an 
approximate molecular weight of 144 kDa (Fig. 4A, in- 
set). Equilibrium sedimentation centrifugation was 
performed because it gives an estimate of molecular 
size which is independent of the molecular shape of the 
protein The direct measurement of protein density by 
equilibrium centrifugation (Fig. 4B) shows that the ma- 
jority of the protein is the form of tetramer (132 kDa) 
with a minor portion of octameric form. The octamer 
might be a crosslinked artifact of tetrameric form. 
These results indicate P2X 2 -ECD forms a stable tetra- 
mer in solution at a protein concentration at as low as 
0.1 mg/ml (3.4 for monomeric form). 

DISCUSSION 

We have shown that P2X 2 -FCD can be refolded to 
a stable tetrameric form in solution. In light of the 



d P2X2 P2X2 



P2X2 P2X2 

suramin clba-blue 




FIG 3 Photoaffinity labeling of P2X 2 -EC13 with |n--PJATP. 
Samples were incubated with 2 nM [r,- 32 P]ATP in the presence or 
absence of competitor, and compared to those incubated m the pres- 
ence of excess amount of nonradioactive ATP d P2X, denotes dena- 
tured P2X 2 -ECD by 8 M urro. Suramin (1 /M) and Cibarron blue 
(10 ^M) have been used. Coomassie stained (upper panel) and autota 
diogram (lower panel) arc shown. 
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topological similarity of P2X receptor channels to in_ 
ware rectifying ion channels, the tetramcne form of 
p 2 J-ECD may represent the naturally assembled 
S of the P2X> re^ptor channel. It also img.es to* 
the extracellular llgand-binding domain of P2X Z recep 
toVs mS Play a major role in determining subumt spec- 
ificitv and tetramer formation in vivo. 

P2X*ECD contains ten cysteines, which may form 
uo to five intramolecular distilf.de bonds. Blocking the 
formation of disulfide bonds by sulfitolysis during pro- 
e n re oldmg is essential to yield soluble ^ correctly 
Sdcdproteil Based on the function al a^aic u a 
parameters we have tested, our P2X 2 ECU behaves n*e 
he natural P2X 2 channel in the --^ane indica nal 
that it has achieved a native-hke fold. N-termindl 
amino acid sequencing revealed that - 
tidine tag was removed by thrombin digestion and the 
new N-terminal residue was Ser" In addition mild 
trypsin treatment eliminated 25 to 27 N -terminal res. 
leaving Val" and Cly 81 at the N-terminus of the 
ed pfotein (not shown). These sites are appar- 
ently trypsin-sensitive and solvent -exposed poss.bly 
bridging the N-terminal segment (Ser 54 to Val J o the 
rest of the polypeptide chain. Interestingly his seg 
n nt appear, to be Important in protein £ 
cause thetruncated protein does not refold m the same 

m We have observed specific binding of ATP to the puri- 
fied P2X,-ECD in photoaffinity crosslinking experi- 
ments. Although these crosslinking experiments catv 
not be used for quantitative determinations, due to the 
possible decrease in photocrosslinking efficiency in d.f- 
feTent assay conditions, it is clear that an excess 
amount of nonradioactive ATP prevents the crosslink- 
ing of radioactive ATP. For instance, denatured P2X^- 
ECD shows nu differer.ee in radioactivity between 
crosslinking in the presence or absence of excess 
amount of nonradioactive ATP, indicating *a. U.e na- 
ture of nonspecific ATP binding is irrelevent. to occu- 
pancy of specific ATP-binding site. The decrease ot 
ATP-specific labeling by suramin and cibacron blue .s 
also consistent with the interpretation that the access 
to the ATP-binding site is inhibited by these antago- 
nists Direct measurement of binding affinity of P2X 2 
CCD to various agonists and antagonists is currently 
underway. Preliminary data suggest that the presence 
Of divalent cations might be crucial for measu.able 
binding of the ligands. 

The amino acid(s) crosslinked to ATP are likely to 
be similar among those of the ATP-bindmR pockets of 
related receptors, and they probably play a structurally 
similar, crucial role for the channel activation of P2X 
receptor With the soluble preparation of functional 
P2X,-FCD it will be possible to identify those positions 
biochemically after photoaffinity labeling _ burthcr- 
more. those positions can be .nutated individually and 
single-point mutants can be characterized fo, its A . P- 
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binding properties and abilities to gate the P2X Z chan- 
nel Correlation between t hese two properties will pro- 
vide useful information to understand the mechanism 
underlying the channel regulation by the hgand. 
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A Method for the Complete S Sulfonation of Cysteine Residues 
in Proteins* 

William W.-C. Chan 



abstract: A new method is described for the complete 
sulfonation of protein SH groups under mild conditions. 
The protein is treated with sodium sulfite and catalytic 
amounts of cysteine in the presence of oxygen and 8 
m urea. 

When applied to rabbit muscle aldolase, com- 
plete sulfonation was obtained within 1 hr. The reaction 
was shown to be specific for SH groups from studies of 
the extent of the reaction and the electrophoretic pattern 
of the product. S-Sulfonated aldolase was enzymatically 
inactive but after suitable treatment with fl-mercapto- 
ethanol was reconstituted to give the fully active enzyme. 
The 100% regeneration of enzyme activity sugecsts that 
the method might be suitable for studies where subse- 



quent recovery of biological activity is desired. In con- 
trast the S-sulfonated aldolase prepared by two other 
methods gave little or no activity after similar treatment. 
The reaction requires the addition of cysteine which may 
be replaced hy /3-mercaptoethylamine but not by 0-mer- 
captoelhanol or dithiothreitol. Under the conditions 
studied complete sulfonation occurs in the pH range 
7 0-8.5 but little reaction takes place at pH 9.5 or higher. 
These findings suggest a role for the protonated ammo 
group of cysteine in the reaction mechanism. Lactate 
dehydrogenase and pepsinogen were also completely sul- 
fonated by this method. It is therefore suggested that the 
method may be generally applicable to proteins con- 
taining cysteine or cystine residues. 



Sulfitolysis has been frequently used for the cleavage 
of disulfide bonds in proteins (Cole, 1967). If the reac- 
tion is ullowed to proceed in a dissociating medium 
(e.g., at high concentrations of urea or gunnidine hydro- 
chloride) and in the presence of an oxidizing agent, all 



♦ From Ihe Department of Biodicmiilry. McMasur Univer- 
sity Hamilton. Ontario. Canada. Rtctictd August !2. 1 9611, 
Thi. »mk «./>< juppcrtcJ by a ,«nl (MA 2954) from the Medi 



the half-cystine residues can be converted into the 5- 
sulfonate cysteine derivative. The completely S-sul- 
fonated proteins so obtained are useful in the separation 
of polypeptides imcc they ar« stable in neutral and 
acidic conditions (Swan, 1957). A distinct advantage of 



„1 Rrwarch Council ofCanada. Presented in part at the Annual 
Meeting of the Canadian Federation of Biological Society 
Kingston, Ontario. 1963. 



4247 



S SULUJNATIUN IJF UYSTEINt RtSIDULS 



Received trom < 934 4305 > at 8l2/"/03 2:20:34 PM [Eastern Daylight Time] 



Rug 27 03 02:26p 



Internet Inc. 



934 4305 



p. 21 



BIOCHtMiSl RY 



RSSR 



RSSOj" 4- RS- 



[O] 



4248 



(RSH - cysteine residues in proteins or other 
SH compound) 

the S-sulfonate as a blocking group is its ready removal 
by excess thiol treatment. In (his respect it is similar to 
disulfides. 

The method has not been used to any extent on pro- 
teins which contain SH but not disulfide bonds. How- 
ever, the same reactions are involved, regardless of 
whether disulfide bonds are present or not because in 
both cases, oxidation is required for complete sulfona- 
tion. For the purpose of modifying SH Broups in se- 
quence studies of proteins, the alternative methods of 
alkylation and performic acid oxidation are undoubt- 
edly superior to sulfonation since the modified groups 
in these methods are stable to acid hydrolysis. Neverthe- 
less, S-sulfonate or mixed disulfides must be used as 
blocking groups whenever it is desirable to remove 
them at a later stage. 

The present work was undertaken in con;unction 
with studies on the subunits of rabbit muscle aldolase. 
It has been shown that aldolase can be reversibly dis- 
sociated into subunits (Steltwagen and Schachman, 
1962; Deal el a/., 1963a). Under certain conditions, the 
subunits will reassociate to give the native enzyme with 
essentially complete recovery of activity. However, 
when conventional methods (Swan, 1957 , Katsoyanms 
et at., 1967) were used to prepare S-sulfonated aldolase 
and the S-sulfonate groups were subsequently removed, 
only little or no enzyme activity could be recovered by 
reassociation of the subunits. This suggested that these 
methods might have caused irreversible physical or 
chemical change to the protein. An attempt was there- 
fore made to find alternative procedures for sulfonation. 
This paper describes a simple method which leads to 
completes sulfonation under mild conditions. A striking 
property or the method is that a 100% recovery of 
aldolase activity is realized when the S-sulfonated 
derivative of aldolase is treated with excess mercapto- 
ethanol. Although most of the results described above 
were obtained using aldolase, other evidence presented 
indicates that the method should be generally applicable 
to proteins containing cysteine or cystine residues. 

Materials and Methods. Fructose diphosphate al- 
dolase (4. 1 .2.13) was prepared from rabbit muscle by 
the method of Taylor el at. (1948) and recrystallized 
three times. Aldolase activity was assayed spectro- 
photometrlcally a* described by Racker (1947) and the 
unit of activity was defined as the amount required to 
cleave 1 ^mole of FDK/min. me molecular weight of 
aldolase was taken as 160,000 (Kawahara and Tanford, 
1966; Sia and Horecker, 1968). Lactate dehydrogenase 
(1.1.1.77) from rabbit muscle (lot 76153, specific 
activity 425 units/mg) was supplied by Calbiochem. 
Pepsinogen was a product of Worthington Biochemical 
Corp. Urea (A C S. grade) was recrystallized from 95% 
ethanol, washed with ether, and dried in an oven at 40°. 
Cysteine hydrochloride, EDTA, and sodium sulfite 
were reager.t grade and supplied by the Fisher Scientific 



Co. Tris base and N-ethylmaleimide were obtained 
from Sigma Chemical Corp The reagent grade guanl- 
dine hydrochloride used was made by J. T. Baker and 
Co and was found to be completely soluble in water. 
"S-Labeled sodium sulfite (lot 328-118) was purchased 
from New England Nuclear Corp. The Initial specific 
activity was 10.5 mCi/mmole. It was diluted by adding 
carrier until the specific activity was close to 103,000 
cpm/>mole as determined below. 

Determination of Protein Concentration. Protein 
concentration was assayed cither spectrophotometri- 
cally from the absorption at 280 mji in 0.1 n NaOH 
or by the trichloroacetic acid method of Bucher (1947). 
The extinction coefficient, £i? uw , in 0.1 N NaOH 
was taken to be 9.1 for aldolase (Baranowski and 
Niederland, 1949) and 8 85 for lactate dehydrogenase 
(Pfkiderer and Jeckel, 1957). The trichloroacetic acid 
method wus calibrated against the spectrophotometry 
method using solutions of aldolase. For S-sulfonated 
proteins which are insoluble in water the method was 
modified by adding urea to a 2 M final concentration. 
The modified method was similarly calibrated. 

Determination of Radioactivity. Aliquots of solutions 
were dried on filter paper strips or Millipore filters and 
placed in scintillation vials. To each vial was added 15 
ml of a toluene solution containing 4 g of 2,5-diphenyl- 
oxazole and 50 mg of ;>-bis[2-(3.phciiyloxazolyl)l- 
benzene per 1. The vials were counted in a Nuclear- 
Chicago, Model Unilux, scintillation counter. Counting 
efficiency was approximately 60%. 

Measurement of the Incorporation of "S-Labeled 
Sulfite into Proteins. Thr«e different procedures were 
used and all gave identical results. In one method, 
after the reaction the mixture was dialyzcd exhaustively 
against water. The protein was then dissolved in 0.1 n 
NaOH and protein concentration was determined by 
measuring the absorption at 280 m*i. Aliquots of the 
same solution were dried on filter paper strips for radio- 
activity counting. 

Alternatively, after the reaction the protein was 
precipitated by adding trichloroacetic acid to a final 
concentration of 10% and centrifuged. The precipitate 
was washed by redissolving in 1 ml of 90% formic acid, 
then diluted to 3 ml. and reprecipitated by adding 
trichloroacetic acid and centrifuged. The washing pro- 
cedure was repeated three times. The protein was 
finally washed with acetone and then with ether, dried, 
and dissolved in 0 I n NaOH. Protein and radioactivity 
were determined as described above. 

In the third method, a 0.1-ml aliquot of the reaction 
mixn.re was added to 3 ml of 10% trichloroacetic acid 
solution. After 5 min the trichloroacetic acid solution 
was filtered through Millipore HAW? 02400 filters 
(pore size 0.45 m) and washed thoroughly with 10% 
trichloroacetic acid solution. The filters were dned 
and counted for radioactivity. The amount of protein 
was calculated trom the concentration in the orig.nul 
reaction mixture assuming complete precipitation and 
transfer. The specific activity of the ^-labeled sulfite 
used was determined using both Millipore filters and 
filler paper strips and the appropriate value was used 
for each method. 
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Regeneration of Free SH Groaikt and Reitssoekition 
of the Subunits of Aldolase. Lyophilized S-sulfonuled 
aldolase (0.5-1.0 mg/ml) was dissolved in 1 m Tris-HCl 
solution (pH 7.5) containing 4 M urea. /S-Mercuplo- 
elhanol was added (final concentration 0.7 m) und the 
mixture was incubated for 2 hr at 25°. The protein 
subunits were then allowed to rcassociole by diluting 
the mixture ten times with a 1 m Tris-HCl solution 
(pH 7.5) containing bovine serum albumin (2.5 mm' 
nil), EDTA (25 mst) and 0-meraiploelhanol (10 mw). 
The enzyme activity was determined after approxi- 
mately 1 5 niin 

Disc gel electrophoresis was carried out with a 
Cnnnlcn Model 12 apparatus using Ihe polyacrylaniide 
system of Davis (1964). Recrystnllized urea was added 
to .ill the solutions used (final concentration 8 m) except 
the butler in the reservoirs. 

Results 

Incorporation of li S-Uibeled Sulfite into Aldolase. 
The oxidation of SH groups by molecular oxygen is 
known to be catalyzed by copper and </-phenanthrolme 
(Kobashi and Horecker, 1%7). Initially this reaction 
was used to promote the formation of disulfide bonds. 
Cysteine was added to facilitate the formation of 
mixed disulfides since for steric reasons not all of the 
SH groups in aldolase could be expected to form disul- 
fide bonds with one another. In this experiment, the 
reaction mixture contained 6.3 X 10 ' * m aldolase, 
0.1 m Na:"SOj (specific radioactivity 1)2,000 cpm,' 
umole), 2 X 10"' M CuSO,. 0.1 m Tris-HCl (pH 8.4), 
and 8 m ureti. After incubation at 25° in an open vessel, 
the mixture was exhaustively dialyzed against water. 
The specific raclinnctivity of the dialyzed protein was 
found to be 19.300 cpnn/nig which represents an 
incorporation of 27.5 sulfonate groups/mole or aldolase. 
Since iildolase has been shown (Swenson and Boyer, 
1457) to conluin approximately 28 SH groups/mole, 
the results, therefore, indicated that complete reaction 
had taken place. In a control experiment, aldolase was 
first treated with excess /V-elhylmuleimide in U M urea, 
dialyzed, and finally treated with the above sulfonation 
procedure. The incorporation of radioactivity in this 
case represents less than 0.1 sulfonate group/mole 
showing that incorporation occurred specifically at 
cysteine residues. 

Regeneration of tree SH Groups- in S-Suljonated 
Aldolase. I he a:, S-laheled protein prepared above was 
treated with fi-mercaptoelhanol in 4 m urea solution. 
A |V>rtion of the product was then dialy/ed exhaustively 
against water and assayed for protein-bound radio- 
activity. The remaining portion was diluted to allow 
the subunits to reassociate and assayed for FDP 
aldolase activity. Details of these procedures are 
described in the Methods section. 

The dinlyzcd, thiol-trealed protein was found to 
contain less than 0 1 of "-5-Uibeled sulfite group/mole 
oT aldolase. The S-sul female groups were therefore 
completely lemoved from the protein The enzyme 
activity of Ihe reconstituted enzyme was 9.5 /jmoles of 
I DP clcavcd/min per rng of protein, which is identical 



Mount Ir Disc gel elcclrophorclic patterns <>r S-sul/bn«lcd 
aldolase and CM-aklolase. Left: S-CM-iildolaso; middle: 
S-sulfonatcd aldolase; right : mixture of previous two aldo- 
lase derivatives. 



with the activity of the native enzyme assayed under 
the same conditions. In control experiments wheie S- 
sulfonaled aldolase was Healed in exactly the same wtty 
except thiit 0-mercaptoelhanol was replaced by water, 
no aldolase activity was delectable even at ten times the 
usual protein concentration. The high recovery of 
aldolase activity is entirely reproducible and may be 
obtained from the S-sulfonated derivative even after 
several months of storage at 4" as n lyophilized powder. 
These results suggest that residues in the enzyme which 
are essential to activity have not been irreversibly 
modified by the above treatment. 

EJeclroplmretic Pattern of S-Sulfomtled Aldolase. 
The specific nature and the extent of the above reactions 
was further shown by examination of the products in 
disc gel electrophoresis in 8 m uica. As shown in 
Figure 1, the electrophoretic pattern of S-sulfonated 
aldolase consists of two bands and is identical with that 
or 5-CM-aldolase. The similarity in the electrophoretic 
migration of the two derivatives was confirmed when 
Ihe same pattern was obtained by electrophoresis of a 
mixed sample containing equal amounts of each deriva- 
tive. Tins indicates that the total net ionic churge is the 
same in both cases. At the alkaline pH of the electro- 
phoresis, the CM and the sullonute groups would both 
contribute one negative charge per group. This means 
that the number of sulfonate groups is equal to the 
number of CM groups and indicates that complete 
sulfonation has taken place. 

The two components in CM-aldoluse have been 
shown to correspond to two carboxymelhylated sub- 
units (« and tO which differ in primary structure 
(Chan et id., 1%7, Morse er id., 1967). By analogy, 
the two components in S-sulfonated aldolase urc 
presumably ihe sulfonated derivatives of these subunits. 
The fact that only two components were obtained 
indicates that side reactions which result in extensive 
change in the net charge uflhe protein did not occur. 

77i«r Nature of the Sulfonation Reaction and the 
Catalytic Jiet/uiremints. The incorporation of r, S- 
labeled sulfite into aldolase was used to study the various 
requirements of the reaction. The results are sum- 
marized in Table I. Surprisingly, it was found that 
the uddiiion uf either .i-phenanthroline or copper or 
both did not tilled the extent of the reaction. How- 
ever, if cysteine was omitted, the amount of incorpora- 
tion Wits less (han 10%. The role of molecular oxygen 
was studied by informing the reaction under a nitro- 
gen atmosphere. The extent of the reaction was greatly 
reduced indicating that oxygen was essential for the 
re-action. The limited amount of sulfite incorporated 
was probably due lo residual traces of oxygen since in 
thi^ ex|>eriment no attempt was nnule lo remove dis 
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table >: Incorporation of »S-Labeled Sulfite under 
Various Conditions.* 







% of 




Sulfite 


Total 




Groups 


Protein 


Additions 


Incorpd/Mole 


SH 


None 


27.3 


98 


CuSO, 


27 5 


98 


CuSOi + o-phenanthroline 


26 5 


95 


Cysteine omitted 


2 3 


8 


Cysteine omitted but with 


3.1 


11 


CuSO« 4- o-phenanthro- 


line 




40 


N t atmosphere 4 


11.1 



• The reaction mixture contained dialyzed aldolase 
(2 rng/ml), Tris-HCl (0.1 m) (pH 8.4), urea (8 m), 
cysteine (2 X 10— m), and Na, J4 S0 3 (0.05 m) (80,000 
cpm/jimole) except where otherwise stated. After 
incubation at 25° for 1 hr in an open vessel the protein 
was precipitated with trichloroacetic acid, washed, and 
radioactivity was determined. » A closed Warburg flask 
was used, and after introducing a nitrogen atmosphere 
the reaction was started by tipping cysteine into the 
mixture containing the remaining reagents. 



solved oxygen completely from the solutions of the 
reactants. 

S-Sulfonated aldolase prepared in the absence of 
copper and o-phenanthroline was compared with 
the same derivative prepared in the presence of these 
reagents. The clectrophorctic patterns of the two 
samples were indistinguishable and the recoveries of 
enryme activity upon treatment with excess meicapto- 
ethanol were identical. The only difference observed 
was that after dialysis the protein derivative prepared 
in the presence of copper still contained significant 
amounts of copper as shown by color reaction with 
sodium diethyldithiocarbamate. Since this may be an 
undesirable contamination in many cases, copper and 
o-phenanthroline were omitted in all subsequent 
experiments. 

The Effect of Other Sulfhydryl Compounds. Since 
cysteine was shown to be necessary for the reaction, other 
SH compounds were tested for their ability to promote 
sulfonation. As shown in Table II, there appears to be 
some specificity in the requirement for a SH compound. 
/5-Mercaptoelhanol was completely ineffective at two 
different concentrations and dithiothreitol (Cleland's 
reagent) had only a slight effect on the incorporation. 
On the other hand, /J-mercaptoethylarnine was similar to 
cysteine in giving a complete reaction. The significance 
of these results is discussed in a subsequent section. 

Other Properties of the Reaction. Figure 2 shows the 
lime course of the sulfonation of aldolase. Under the 
conditions employed, the reaction was complete in 1 hr. 
4250 The rate of the reaction was found to vary considerably 



table H : The Effect of Various SH Compounds on the 
Sulfonation of Aldolase.' 





Sulfite 


% of 




Groups 


Total 




Incorpd/ 


Protein 


SH Compound Added 


Mole 


SH 


None 


2 3 


8 
99 


Cysteine (2 X 10" 4 k) 


27 8 


0-Mercaptoethanol 


16 


6 


(2 X 10-' m) 






0-Mercaptoethanol 


0.8 


3 


(2 X 10-» m) 




30 


Dithiothreitol (2 X 


8.2 


10"' m) 




99 


/9-Mercaptoethylamine 


27.8 



(2 X 10-* M) 

» The reaciion conditions used were identical with 
those described in Table I except that cysteine was 
omitted. 



with the extent to which the reaction mixture was in 
contact with air. For a typical, large-scale preparation 
using 200 mg of aldolase in 40 ml of 8 m urea solution, 
it was found necessary to direct a slow stream of air 
over the mixture with constant stirring. 

The effect of varying the concentration of cysteine is 
presented in Figure 3. Complete incorporation was 
obtained at cysteine concentrations of 2 X 10 -> and 
2 X 10 - ' M The amount of incorporation then de- 
creased with either higher or lower cysteine concentra- 
tion. These effects are discussed later in connection 
with the mechanism of the reaction. 

Since the oxidation of SH groups by molecular oxygen 
is known to be catalyzed by traces of heavy metals, the 
efTect of chelating agents was investigated. The results 
are given in Table III. EOT A was found to have a 
partially inhibitory effect at concentrations of 10 ■ m 
or higher . The effect could be abolished by adding 
Cu ,+ or Mg M ions. On the other hand, sodium diethyl- 
dithiocarbamate which is known to bind strongly to 
copper dews not inhibit significantly even at 10 ' M 
concentration. Although the participation of trace 
metals is no*, entirely ruled out by these results, the 
fact that EL) fA inhibits only at high concenti aliens 
suggests that it is of secondary importance. 

Table IV shows the effect of pH on the sulfonation 
reaction. Complete sulfonation was still obtained 
when the pH was reduced to 7.0. At pH lower than 7.0 
the extent of the reaction decreased in agreement with 
the suggestion that one of the reacting species is SO, 5 " 
(Cecil and McPlicc, 1955) and the pK s of sulhte is 
about 7. The decrease in incorporation at or above pH 
9.5 is interesting in that it suggests that u protocoled 
amino group in cysteine may be necessary for its effect 
on the reaction. 

Comparison with Other Method.': of Sulfonation. In 
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" t EDT A and Sodium Diethyl- 

Sc^ScS.^ionofA.do^, 



Sulfite 
Groups 



Total 



Additions 



None 
EDTA (10-* M) 
EDTA (10-' m) 
EDTA (10" M) 
EDTA (10"' M) + CuS ° 4 

(10'' M > 
EDTA (10-' M) + MgSO. 

(10-» m) 
Sodium dietnyldithiocarbamate 

(10- ' m) 
Sodium diethyldilhiocarbamate 

{10-» m) 



Mole 


SH 


27.5 


98 


26.8 


96 


20.2 


72 


115 


41 


27.0 


96 


27.2 


97 


27.2 


97 


24.8 


89 




T^^^^l^ ™th those 
described in Table I - 



aldolase «^ b ^ " p "c ammonium sulfite 
aldolase prepared by the cup hionate in 

method (Swan, 1957) and by Ae use on* ^ 
combination wuh »** £ ^vious workers 

u hele meS successfully to prepare .he 

have used these meinour chains of 

S-sulfonated derivauv, « o^the A £ , tf fl ,, 

insulin (D.xon and Ward aw ^ f these 

,967) and insuhn ^'^^^"tWol and reoxi- 
derivalives after treatment w,th excess 



-jO 60 90 

TIME I" MIMUTtS 

r thr sulfonation of aldolase. The 
incorporation ° f 28 su ;™ e £° ; as described in Table 

Materials and Methods). 

c M„i a «. activity under identical 

T TThTr^uta areThov^ in Table V. In two 

condition*. ™^ t f * o a aldolase activ.ty was recovered 
se^rateexpenr^nt^noa method ^ 

after * m «.* e ^ y was probably not due to the 

failure to ™ ^ V ^ uaniQi P ne hydrochloride (8 m) 

effect of subsm "'' n f he B ^ ethod described in this paper 
for urea, since when Ae methOO ^ 

*« ^ i; ^:£ wc ammonium sulfite 
love d onation method was general y 



% of Total 
Protein SH 



TABLE rv : The Effect of P H on Sulfation.- 

Buffet Used (pH)_ 

Sodium acetate (5 0) 
Sodium citrate (6.0) 
Sodium phosphate (7.0) 
Sodium phosphate (7 5) 
Tris-HCl (7 5) 
Tris-HCl (8.4) 
NaHCO, CO, (9 .5) 

NaHCOrCOOO^ 

"T^cio^ondinons *~ ^ B *J SZ 

described m T*b!e 1 except « 

used. The buffer concentration was 0. 1 

men is. . ■ 



26 
47 
98 
97 
102 
102 
21 
15 




CYSTEINE CONCN. 



r^E.Thc effect ofvar^^ 
corw^ntrahon is varied. 
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SO 



A 



SO* 

R _L + H3— CH, 
H,N— CHX 
SOT 

w R — SH + S — CH, 



Sulfonated Aldolase- ^ 

_____ . y a Recov of 

Aldolase AcU 



H.N— CHX 

<■ *k» pfTtsct of cysteine 
[lou , t 4: A P oss.ble expiation rf the «H* n ^ x _ 

spectively. 

ir^nated with radioactive sulfite as 
This sample was sulfonated witn 

described for aldolase. j ot su lBie/mg of 

The incorporation was J'^eight of 135.000 

pro tein or 16.1 equ.v for , £ 1963; Pflei- 

daltons. Other workers (D> Sabaio of , 6 sH 

d erer -/.. 1«9) «»*« * ^Uce of disulfide 
grou^/moleorthe^ymeand^e ^ 

bonds. The above su ,fonated by th.s 

dehydrogenase was completely 

method. . similarly treated with 

Commercial pepsinogen was *m y of 

labeled sulfite. The P or ^ r t tion since the 
sulf.te/mole again mdica ^ ain 3 disulfide 

molecule of pepsin. s^own 

bonds (Arnon and ££11™^ be app , ica ble to the 
ins medium. 



Method or Su^fonation 

T^hlc^Te+sulfUe in guanidmc hy- 
Cu^—ium- sulfite injure.. 

chloride? 1 



22 
10O 
80 
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Discussion „ H 
lt is evident from the above -^J^^ 

when treated *»» °' 
of cysteine in 8 m urea soiu f f sH groups, 

indicate that the reaction r spec.r jncort>oratcd is 
d) The number of ^"^^ knaw „ lo be present 
to the number o SHP» J 8roups rc re- 

in aldolase. (2) All o! tnc hio , (3) The elecuo- 

mo ved upon treatment *£„, S Ll with that 

phoretic pattern of *he Produc' 1 onsLder a. 
of CM-a.dolase, « "^^^S^iva. Although 
tlon of the net charge m th« ^ 
modification of ^ u ,_ the re appears to be no 

conditions cannot be _rulea c . cy&te , n e since 

pronation of residues other Una * ate 
xZ-ethylmalcimide-trea ed * ldo * a ~ mllariy lrcat ed with 

ligoifl can. ™^«-^ m W ^ on t unUVely to occur to 
•^■labeled sulfite. Carba my. fresh i y prepa red 

a significant extent since ur " be relatively free 

from recrystalhzed urea are known to Wi _ re . 

from cyanate (Stark « «/.. "^' ^^ residues which 
covcr y of enzyme •""ily d intact. 

ial for enzyme activity have ^ ^ rrfIa j n SH 

Vhe reaction requires Lb 



^HSu7^ ^ -n 0^ 

activity. » Katsoyannis *< J 

^ As described in this paper. . 



, 0 f molecular O, and thus 

compounds and the P^*" ! " „, athe formation 

indicates that the ™ c " 0 ^^ u mtolysis. Altho U6 h 
of disulfide bonds and sutaeque"' ^ ^ 

the oxidation of SH^ - om P° slu died, the mechanism 
by molecular O, has been muchsv M cPhee, 
of the reaction is complicated in 

WS^TheWW™*^^^,,, disulfidc bonds 
that the formation of protem pr are aU 

protein^ysteine-mtxed disulfide a J a „ lhese 
possible. At any moment dunn. *e ™ unoIli dUed 
components reacx ."-"'^ *^ pl is lhef efore made 
cysteine, and protem i ^H. ^ P reaction ^ mo 
,0 emulate precisely^ t"=^ jince the initial pres- 
basis of available data How eve ^ 
^ceof cysteine is reqmred the r n ^ 

no t proceed "^f J^^mation of these bonds 
intermediates. The extw"« molecular weight of 

in aldolase -bunitswh ^ h ^ awanara and Tanford. 

blesteric hindrance. • olve the initial formation 

Tbe «-^-V m r ed d s^de e between cysteine and 
of cystine and the mmea u. ■ cysteine 

pro tein SH. »^ '.^ein. The observation 
sulfonate and 'h«=S- s ^ a Kl £ g.^ercaptoethylamine 
that cysteine can be "P^ y oilhio threitol indicates 
but not by P- merc ^ t0elha "^ ir ; 0 Br ou P The decrease in 
. role for the further suggests that 

the extent of the reaction at pH 9.5 . ^ ^ r£ . 

the amino group ™* be J> ,hat disulfide mole- 
ported P- v ' ol,5,y /^ v r c haVge undergo much faster 
cules containing a positive cm b disu i fid e between 
sulfitolysis. In th. ««■ ° f ^^f^pianation is pre- 
prote-n SH and W^'^^ta cathenucleo- 
scnted in Fiaure 4. The react.or l p aiQms 
philic attacVcofthe SO,- the displa ced 
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V^ied sulfite Cur^IS^f 
a siarl ificant extent since to be rela tiv f ly free 

from recrystallized urea are kn comp l c ,e re- 

from cyanate residues which 

covcry „f enzyme "^^^have remained mtact. 
a.ee.sentialforenzymeactiv. y on of certain bH 

The reaction requires tne 



philic attack of the SO- u>non ^ ^ 

Tbis auack is facilitated h V ^ , mm ediately from the 

sulfur atom .0 p.ck up . ^proto ^ ^ sh t „ 
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reaction I takes place in preference lo reaction 2. How- 
ever, there are no obvious mechanistic reasons for such 
preference and an examination of molecular models has 
failed to reveal any steric reasons. Kinetic studies using 
structural analogs of cysteine are being conducted in 
this laboratory in order to clarify the reaction mecha- 
nism. 

The proposed role of cysteine is in agreement with 
the effect of varying cysteine concentration shown in an 
earlier section. At low cysteine concentrations, the for- 
mation of mixed disulfide is limited and protein sulfona- 
tion is therefore incomplete. On the other hand at con- 
centrations higher than the optimal range, a consider- 
able amount of cysteine remains unoxidized at the end 
of the incubation period thus lending to reverse the re- 
action. 

Previous work (Stellwagen and Schachman, 1962) has 
shown that aldolase subunits exist as "markedly dis- 
organized" polypeptides in solutions containing $4 m 
urea. Thus, during S sulfonation and the subsequeat 
removal of sulfonate groups both of which take place in 
8 m urea, the aldolase polypeptides assume configura- 
tions essentially different from its native structure. The 
introduction of 28 negative charges of considerable bulk 
must be expected to lead to a further departure from the 
native state especially since aldolase has been reported 
to contain 7-8 (Kowal etal., 1965) or 16 (Stellwagen and 
Schachman, 1962) "buried" SH groups. That the native 
enzyme was obtained after reconstilution can be in- 
ferred from previous work using similar conditions 
(Stellwagen and Schachman, 1962) and is supported by 
the complete recovery of activity. Thus, there appears to 
be a spontaneous refolding of the aldolase polypeptides 
into the native configuration. This represents one of an 
increasing number of cases (Anfinsen and Haber, 
1961; Deal et ul., 1963b) where proteins have been 
reconstituted from a denatured state. The result is 
consistent with the hypothesis that the native structure 
of a protein is determined only by its amino acid se- 
quence (Crick, 1958). 

The sulfonation reaction was applied by Dixon and 
W'ardlaw (1960) in an elegant separation of the A and B 
chains of insulin. The use of the reaction is, however, 
not restricted to the cleavage of disulfide bonds but may 
include the reversible blocking of SH groups. An im- 
portant consideration in many such applications is the 
recovery of biological activity. Hitherto complete sulfo- 
nation of proteins was attained by using either cupric 
ammonium hydroxide at pH 10 (Swan, 1957) or sodium 
tetrathionule (Bailey and Cole, 1959) as oxidizing 
agents. As shown in this paper, the recovery of aldolase 
activity after exposure to these sulfonation procedures 
is low. In contrast, the method described here gave a 
complete recovery of aldolase activity. It remains to be 
determined if such differences are shown when the 
methods are applied to other proteins. The reasons for 
these dilTerencen are not koown. A previous report 
(Bailey and Cole, 1959) indicates that there may be some 
modification of tryptophan residues when protein is 
treated with letrathionate. At the alkaline pH of the 
cupric ammonium hydroxide method, some deamida- 
tion or peptide hydrolysis may occur. The method 



described in this paper thus represents an alternative 
procedure which may have considerable advantages 
over existing methods. 
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Spectral Studies of Iron Coordination in Oxidized Compounds of 
Hemoproteins. Difference Spectroscopy below 250 m^* 

Arthur S, Brill f and Howard E. Sandberg£ 



abstract: The feasibility of observing the spectral 
behavior of protein groups in the coordination sphere 
of the iron in hemoproteins has recently been demon- 
strated. Application of the method, difference spectros- 
copy below 250 m/i, to oxidized compounds of hemo- 
proteins is reported in this paper. The absolute absorp- 
tion spectrum (250-450 mrf of bacterial catalase com- 
pound I is displayed. Ultraviolet difference spectra (210- 
280 ran) of compounds III of metmyoglobirt and methe- 
moglobin and compounds I and n of bacterial catalase 
and horseradish peroxidase or. the free hemoproteins 
are shown. Compounds III of metmyoglobin and 
methemoglobin, and compounds U of bacterial catalase 



and horseradish peroxidase have one difference band 
which peaks in the region 237-247 rrui. Absorption in 
this region is assigned, in part, to a transition involving 
histidine in the fifth coordination position, and in the 
other part to a charge transfer transition involving 
porphyrin. Compound I of bacterial catalase has two 
difference bands (235 and 224 mil), while I of horse- 
radish peroxidase has a broad band which is probably 
the sum of two bands. The spectral properties of com- 
pounds I are like those of ferric hemoprotein com- 
plexes. The spectral properties of compounds II and 
ni support the other evidence that these are ferryl 
structures. 



Q 

VJeveral years ago, in the course of investigating 
possible involvement of tyrosine in th« formation of 
compound I of catalase, we recorded difference spectra 
os. free enzyme down to a wavelength of 250 mn 
and noted tbat the absorbance rose just as this wave- 
length was approached. We were thereby prompted 
to look deeper into the ultraviolet region, and found 
the bands described in this paper. In checking possible 
explanations of these bands, we were led to try more 
fundamental experiments with hemoprotein complexes 
(Brill and Sandberg, 1968). In the latter research, the 
groups involved have been identified on the basis of 
data from simple Iigands. In this paper, the difference 
spectra of peroxide compounds vs. free proteins are 
reported and used to describe with more assurance 
than previously the coordination spheres of the iron in 
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the oxidized compounds of MetMb, 1 MetHb, BMC, 
and HRP. 

Only one spectroscopically distinct compound (de- 
noted in the literature as "compound 111") has been 
observed upon reaction of MetMb with any of the 
substrates HjOj, methyl hydroperoxide, or ethyl hydro- 
peroxide. The stoichiometry of reduction of compound 
III by ferrocyanide indicates that this compound has 
one oxidising equivalent above free MelMb (George 
and Irvine, 1952, 1953). Since the peroxide substrate 
has two oxidizing equivalents, one of the equivalents 
is not retained by the heme group. 

Similarly, only one spectroscopically distinct com- 
pound (also called "III") has been ohserved for the 
reaction of MetHb with HjO? (Kcilin and Hartree, 
1951; Dalziel and O'Brien, 1954). The oxidation state 
of MetHb III has not yet been determined. It is unlikely 
to difTer from that of MetMb III. 

The reaction of HRP with either H,Oj (concentration 
less than 1 itim so that a third compound of peroxidase 
does not form) or alkyl hydroperoxides produces two 
spectroscopically distinct compounds, labeled "]" and 
"II" on the basin of ortler of appearance. The stoichiom- 



1 Abbreviations used: MetMb. horse heart fcrrimycglobin. 
MetHb, horse fcrrihemoglohin ; BMC, bacterial micrococcus 
catalase; HRP, horseradish peroxidase; HBC. horse blood 
catalase; suffixes I, II. nnd 111, compounds I. II, and III. 
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Reversible protection of disulfide bonds followed by oxidative 
folding render recombinant hCG(3 highly immunogenic 
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Abstract 



Active immunization or women against human chorionic gonadotropin (hCG) has been considered as a promising option lor 
contraception.. However, prototype hCG vaccines based on natural sources ol' antigen arc expected to be : costlier for use oy 
common people. In the present report, a functionally active, cost-effective antigen of bacterial origin has been descried. 
Sulfation of thiol groups of the protein, anion-exchangc purification, refolding with concomitant formation of disulfide hon-s 
in the presence of oysteamme-cystamine redox buffer, and slow removal ofdenalurant resulted in 95% homogenous monomertc 
form of the antigen. The recombinant processed antigen |CCiJHp>] obtained this way was highly immunopotent. C.elmiar UNA 
and endotoxin containmants were appreciably low in the final product. The immunogenic response was drastically reduced wjth 
the unprocessed antigen. This fmdin 5 envisages better prospect of a cost-effective hCG vaccine for birth control, c: ,000 
Elsevier Science Ltd. All rights reserved. 

Ktrwvnk: Immunogcmcily; Refolding; Recombinant CGp 



3 I 



1. Introduction 

Human cltorionic gonadotropin (hCG) is a hctcrodi- 
mer composed of an alpha (hCG-x)- and a beta 
(hCGP)-suhunit that combine non-covalently to form 
a biologically active hormone. It is an early signal for 
conception, and considered essential for both establish- 
ment and maintenance of pregnancy. Therefore, active 
immunization of women against hCG has been con 
sidcred as a promising option for contraception. The 
rationale for using a vaccine against hCG is to main- 
tain sufficient cii cellaring antibodies capable of binding 
to hCG. rendering them ineffective for biological ac- 
tivities \{.2]. 

E-imvl aMn'ss: aniukhopaW'notes.mdacc.tmcxdii (A. Mukhopad- 
hvayl 

1 Present acdrev. Asok Mukhopadhyay. Cytokines Research Lab- 
orator-.. Bioimrr.unother.ipy Department. MD Anderson Cancer 
Ccmci'. University of Texas. Box 014.?. 1515 Holcombe Blvd.. Hous- 
luri. TX -70,0, USA. Tel + l-7ll-'iC-(.«. fax' - 745 3916 



So far, three prototype hCG vaccines based on full- 
length native hCG(i (nhCGfi) and synthetic peptide 
consisting of 37 amino acid residues of the C-terminus 
of nhCGfJ conjugated to tetanus or diphtheria toxoid 
as a carrier protein have been subjected to clinical 
trials [3-51. However, none of these prototype vaccines 
is suitable in its present form for manufacture and 
widespread application for population control, mainly 
due to unaffordable cost. Hence, there is a need to 
produce a cost-effective immunogen by recombinant 
DNA technology to meet this challenge [6J. During the 
last decade, several mammalian systems [7-1(1] have 
been tried for over-expression of a functional hCGfi. 
However, the products were unsuitable due to quanti- 
tative and qualitative reasons. 

A cost-effective vaccine may be expected, if quality 
antigen is produced in high quantities in suitable mi- 
crobial systems. Bacterial expression of hCGfv its lold- 
ing and assembly with counter subunit. has been 
reported earlier in a different context [11]. In a pic- 
vious paper [P], for the first time it was shown thai 



0J64- lOX/OO.'S • see front matter '< : 2000 Elsevier Science Ltd All tights reserved. 
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bacterially produced hCGfl evokes a significant 
immune response in rats and monkeys. Here, purifi- 
cation and refolding of hCGp in an immunologically 
active form that consistently elicits high antibody litre 
in rats and partial characterization of the antigen are 
reported. 



2. Materials and methods 

2.1. Culture of transformed L. cnli expressing hCGfi 

£ coli strain BL2UDE3 [131, Uansformcd with a 
plasmid harbouring gene of hCG(> under the control 
of phaae T7 promoter, was grown in a 14L bio- 
reactor (C.'hcmap AG, Switzerland). The composition 
of the medium and the culture conditions have been 
described earlier [14]. The culture was grown until the 
cell density of 6 gl" 1 (dry weight) was attained. It was 
then induced with 3 m.M of isopropyl-P-D-lhiogalacto- 
pyranoside (IPTG) for 5 h. During fermentation the 
temperature, pH and dissolved oxygen were main- 
tained at 37.0±O.5X, 7.2 to 7.4 and 20 ±5%, respect- 
ively. The expression of hCGfJ at the end of the 
induction period was confirmed by Western blot analy- 
sis of the cell lysate. 

2.2. Isolation of inclusion hodws 

Prior to cell separation, the culture broth was trea- 
ted with phenol and chloroform to a final concen- 
tration of 0.5% (v/v) at 37°C for 1 h. Alter 
ccntrifueation the cell pellet was suspended in 50 mM 
Tris CI buffer (pH 8.0) containing 5 mM F.DTA, and 
disrupted >n a French Press (SLM Instruments, 
Urbane, IL) at 1000 kg cm - pressure [151. Tbe in- 
clusion bodies were recovered by cenlrifugation at 
7000 g lor 10 mm, and washed three times m the same 
buffo. The inclusion body pellet was stored at 4"C 
and processed within 2 days. 

2.< Purification of recombinant hCGfi 

The inclusion body pellet was solubihzed (1 gm pel- 
let per 20 ml buffet) in 50 mM Tris C.I (pH 7.5.1- 6 M 
nuinidinc CI buffer. The solution was clarified by cen- 
tr.luration at 35,000 g for 45 min at 15C. The thiol 
groups of hCCP were protected by sulfonauon 
ih.ouah treatment with sodium sulfite (.10 nig ml ) 
and sodium tctrathionnte dihydrate (5 mg ml ■) at 
room temperature for 12 14 h. The sulfonated protein 
(Protein-SSO,) was dialysed in 50 mM Tris CI bullet 
(p H 7 0)-2 M urea, and purified on a Q-Sepharosc col- 
umn (Pharmacia. Uppsala. Sweden). The protein was 
subsequently clutcc by step-gradient of NaCl. and pro- 
tein fraction between 12 to 21 mS cm 1 conductivity 



was collected In order to minimize cellular DNA and 
endotoxin contamination in the final product, the 
eluted protein was recycled three consecutive times on 
a Q-Sepharose column equilibrated with Tns-urea- 
NaCl buffer at 19 mS on" 1 conductivity. 

2.4. Refolding of sulfonated hCG$ 

Prior to refolding, the sulfonated hCGP was dialysed 
in 50 mM Tris CI (pH 7.5) containing 3 M urca. 
diluted to the concentration of 120 ug ml and 
desassed. In vitro folding of the protein was carne-a 
out in a redox buffer containing reduced cystcamine- 
oxidized cvstamtne. The folding of hCG(3 was con- 
ducted at 5-8' C for a period of 12 h. Finally, the urea 
was removed by step-wise dialysis in buffers containing 
progressively lower concentrations of urea (3 M — ► 2 M 
— . T 5 M — > 1 M — 0.5 M — 0 M>. Enzyme-linked 
immunosorbent assay (EL/ISA) using native hCG£ 
specific monoclonal antibody was employed to com- 
pare antigens obtained in different redox buffers I he 
antieen processed by this route was termed as CGpTp). 
In an alternate procedure, Q-Scpharose purified non- 
sulfonated protein was simply refolded by removal of 
urea in dialysis against normal saline. The protein 
folded in this manner was termed CGP(up). 

2.5. Detection of cellular DNA and endotoxin 

The presence of cellular DNA, if any, in the purified 
antiaen was determined by DNA slot-blot hybridiz- 
ation. For DNA probe, a mixture of purified host {E. 
colt strain BL2UDE3) chromosomal and plasmid 
DNA was labeled with "lP]-dCTP by nick translation 
using NF Blot Kit (NEB Laboratories, UK). Ihree- 
tolcf serial dilutions of the same DNA mixture. (900 
pg _l 7 p2 ) as standard and unknown samples of differ- 
ent dilutions were blotted on a Hybond membrane 
(DuPont. Bannockburn, 1L| The membrane was pro- 
cessed and hybridized using the standard protocol [16]. 
The hybridized membrane was exposed to a Phosphor- 
lmaeer screen for 2 h and analysed (GS-250, Bio-Rad 
Laboratories, California). A standard curve was 
plotted with different counts (cpm) versus correspond- 
ing standard DN'A samples in pg. The DN \ quantity 
in'the unknown sample was then determined from the 
standard curve. 

The amount of endotoxin present m the final pro- 
duct was determined by a limulus amoebocyte lysatc 
(LAL) test based on gel clot assay using Endosafe kit 
(Chirles River, Charleston) In hrief, samples of differ- 
ent dilutions (360 x . 720 x . 1440 x and 2B.H0x) were 
incubated with the reagent at 37 C for 1 h. 1 he pic- 
sence of endotoxin in the sample was indicated by the 
formation of an opaque gel. A firm gel is formed as 
the concentration of endotoxin exceeds the sensitivity 



i 
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of the reagent. Thus the concentration of endotoxin m 
the original sample was calculated by multiplying the 
sensitive of the test (.0.25 HU ml"') with the dilution 
factor. 

2.6. En: vmc-l inked immunosorbent assay (El. ISA) 

Immunoreactivitv of the antigen was assayed by 
ELISA as described earlier [17). Briefly, a 96-well plate 
was coated (triplicate wells) with either native or 
recombinant antigen [nhCGp and CGP(p)1 at a con- 
centration of 5 p.* ml" 1 for I h at 37°C. The antigen- 
coaled wells were blocked with 1% BSA tor 1 h and 
reacted with serially diluted monoclonal antibody 
against native hCGp for 1 h at ITC. The plate was 
washed four times in phosphate-buffered saline Tween 
20 (PBST), and bound antibody was detected by incu- 
bating with 1:10,000 diluted goat anti-mouse IgG-HRP 
conjugate (Nil Reagent Bank, New Delhi, India) for 
1 h at 37 C C. The plate was thoroughly washed with 
PBST and then colour was developed by reacting with 
3 3'-diammobenzidine (DAB) and H 2 0 2 in citrate- 
phosphate butter for 5 min. The reaction was stopped 
by adding 5 N H 2 SO„. and the magnitude of reaction 
was determined by an ELISA reader. 

2.7. Biological activity of CGpTp) 

An equal molar proportion of CGB(p) and nCGa 
mixture was .ncubatcd at for 16 h. The annealed 

heterodimer, so formed, was quanutated by radio- 
immunoassay (R1A). The capacity of the annealed het- 
erodimer to stimulate testosterone (T) production was 
determined by mouse Leydig cell bioassay as described 
[IS). Leydig cells were prepared from mouse testes and 
were incubated with various concentrations of hetero- 
dimer and nhCG. The amount of T released by the 
cells was assayed by a standard World Health Organiz- 
ation (WHO) protocol using reagents supplied by 
WHO. 

2.8. Immunization and immunoassay of antisera 

The immunization protocol consisted of a primary 
immunization followed by two boosters in the 4th and 
Sth weeks. Four groups, each comprising six female 
Wistar rats 4 6 week old were used in the study. The 
animals of the first three groups received intramuscular 
injections of a 10 iig equivalent CGp(P) produced in 
three different batches, and the fourth group received 
CGP('up). The antieens were adsorbed on aluminium 
hvdroxide s>cl (Alhydrogcl, Superfos Bioscctor a/s. 
Denmark) as an ad,uvant. Rats were bled on the 9th 
week of immunization. The anti-hCG antibody titrc ot 
sera was assayed by using a hCG-dimer specihc radio- 
immunoassay [19]. 



2.9. Mixed lymphocytes proliferation assay 

Mononuclear cells from heparimzed peripheral 
blood of monkeys immunized with CGp(p) were used 
tor the assav. The mononuclear cells were separated 
by ficoll-Paque (Pharmacia. Uppsala, Sweden) density 
gradient centrifueation, and the low density cells were 
collected and washed in RPMI-1640. The mononuclear 
cells were cultured using RPMI-1640 containing 10% 
autologous sera. About 5 x 10 s cells in 200 ul were 
frown m triplicate wells of a 96-well fiat-bottom 
microtttre plate for 54 h in the presence ot either 10 ug 
ml" 1 nhCG[3 or CGftp). Three replicate wells were 
also set up, either with medium (no antigen) or with 
5 u» ml" 1 Concanavahn-A as controls. After 54 h of 
culture, cells were pulsed with 1 uC, '[Hl-thymidine for 
18 h. The pulsed cells were harvested, and the amount 
of labeled thymidine incorporation in each sample was 
determined by a liquid scintillation counter (Beck- 
mann, Palo Alto, CA). 

2.10. Analytical 

The protein concentration was estimated by BCA re- 
agent (Pierce, Rockford, IL). The purity of the antigen 
was determined in 12.5% (w/v) SDS-PAGE [20]. The 
hCG(3 was identified by Western blot, where resolved 
protein in the polyacrylamide gel was electrotrans- 
ferred on a nitrocellulose membrane [21], and probed 
with hCGB-specific monoclonal antibody. N-termmus 
sequence of the purified recombinant hCGB was deter- 
mined in an automatic sequencer (Applied Biosystem, 
California). The heterogeneity of CG[Mp) was deter- 
mined by non-reducing SDS -PAGE and by HPLC- 
C1PC using an analytical Protein-Pak SW 300 column 
(Waters, Japan). The flow rate of the mobile phase 
(100 mM phosphate buffer, pH 6.8) in column was 
maintained at 1 ml min '. The intrinsic and extrinsic 
fluorescence spectra of CGP(p) were studied as per 
protocol described earlier [12]. 



3. Results 



J.I. Fermentation 



and isolation of inclusion bodies 



The transformed E. coli was grown in a 14L bio- 
reactor under controlled pH, temperature and concen- 
tration of dissolved oxygen. The medium was 
periodically supplemented with minerals and complex 
protemaceous nutrients. The amount of hCGP 
exorcssed in the IP'IG induced cells was 10V„ of the 
total stainable protein, calculated on the basis of densi- 
tometry analysis of the Coomassie brilliant blue 
stained uel (data not shown). The total yield ot liCGp 
m the culture staec was 150 ma L '■ The purity of 
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hCGB in the washed inclusion body pellet was 30 
3S% [15] The inclusion body pellet was solubihzed in 
6 M -uanidine CI, and the thiol groups of the protein 
were "sulfonated to avoid the formation of abe.rant 
imracham and interchain disulfide bonds, and sub- 
sequent a./areuation. Each thiol group was converted 
to sulfonated form, as no free thiol group was detected 
in the modified protein. 

3.2. Purification of sulfonated hCGfi 

Sulfonated hCGfi was purified using a fast flow Q- 
Sepharose matrix. In each run 120 mg sulfonated pro 
,cin was loaded on the column, of which 60 -+ 6 /. pro- 
tein was bound to the matrix The sulfonated hCGP 
was eluted in a step gradient between 0.12 to 0.25 M 
concentrations of NaCl. which correspond to the con- 
ductive of 12 to 21 mS cm" 1 (Fig. D- The purified 
hCGtt was more than 87% homogenous on SDb 
PAGE and jmmunoreaciive to hCG[3-specific mono- 
clonal antibody as shown in the Western blot (Fig. 1, 
inset) The recovery efficiency of the an.on-cxcbange 
purification step was 90 + 4% (number of experiments, 
„ --- \) The partial N-iermmal sequence of Q-bepna- 
rose purified sulfonated bCGfl was SKEPLRPRCRPI- 




50 r. 



3 
C 



ISO 5 

is f 200th iso: isio 

NATLAVF.K. the same as the first 20 amino acids of 
the nhCG(i. 

3.3. Refolding of hCG[\ 

In vitro refolding of hCGP with concomitant disul- 
fide bond formation includes regeneration ol native, 
non-covalent interactions and the formation of co- 
ntent bonds. In this study, the folding oi sulfonated 
hCGB was carried out in the. presence of d.flerent com- 
positions of the cysteamine cystamtne redox pair 
After d.sulfide exchange, urea was removed from he 
reaction mature by slow dialysis Fig. 2 depicts the 
extent of rccoenition of CG|J(p), ™ ded in five differen 
compositions "or the redox pair, by monoclonal 
antibody specific to native hCGp. The antibody recog- 
n uon to CGP(p) was minimum at a lower reduction 
state of the buffer (lower ratios of [Cysteamine] x 
tCystamme]-'). The antigen-antibody reaction was 
observed highest at a redox pair composition of ^ L 
yet comparable to that with the nhCGp (Fig. 2). The 



100 2»0 
Elution volume (ml) 

| PuriScMion of sulfated hCGS .:. amon exchange u»« 
.o ,apnv the s.,.ronu,e d protein was d»ly«d in 2 M -a > n- 
Tns ri buder ( P H 7.M. and loaded on a prc-egu.r.bralcd Q-S.pha- 
k., c Jolc.n a, :> ho, ,. t of i nV. m,„- After »«hing thr- r„ lumn 
.he toir.d proton w;» eluted oy s,c P -erad,e,u of NaCI he shaded 
Por-,0, of .he cnr.u,.„o ? ,,n repre.en.. eiu,on p.ohlc ot .he s. ■ 
;.a,cd bCO|> dunnu ,.e P R ;an,em of 0.12 to 0.25 M N.'.G. ' 
Coo , al- blue >u,ned banc! of sulfonated hCG0: l». W t <.cr„ blot 
ol the protcn probed with hCG(S-spec,nc monoclonal anuKxU 



c 
c 




[Cysteaminel / [Cystamine] 



riB -> I,„munorer.ciiv:t> of recombinant antigen, folded in a d.Cu- 
, ; compn»t.on of redox buffers. In each ca.e 120 MB ml degased 
r . d hCCH refolded in the presence of reduced cyst*.- 

n „ ,,d,ed c r:: ,nc : , ^- r= - - 

^"^. VUK- was coated . aih either nliCOp , 
f m,H r(H«P> .1 2 concern. a., on of •> as rr.l The eoaicc ani.^en 
:!:t"lhcd th ,,0.000 o.uied nnOGps^c n.onoCo.,1 antt- 
bod>. Bar reprewnis the mean ± SEM 
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5 -10 i * 15; 
Retention time (ihin) 



20 



Mh (KDa) 

97" 
6G- 

36- 

21 - 

14 - 



1 2 3 



rig. 3. (A) Keten. 
bufTer of 2:1 mol: 
at a How rale of 
Freshly refolded 



n n-" rr(Vn> in an malvlical ael filtration column. 1 he sulfonated hCGfl was refolded in cysk^mne cystamine redox 



CGfilp) used in the subsequent experiments was 
refolded in redox buffer composition of 2:1. 

In order to determine the formation, if any. of 
dimer or oligomers during the folding process. CGf3(p) 
was analysed by HPLC and non-reducing SDS 
FAG E. Shown in Fig. 3(A) is a single ma;or peak of 
monomeric CGp(p) at 95% homogeneity. The peak 
retention time of CGp(p) was 11 min. The same 
refolded molecule exhibited a single band on eel. 
which migrated more than the reduced form of the 
antigen (Fig. 3(B). lane 2). Storage of CGfJip) in a Fro- 
zen state facilitates aggregation of the protein, as mui- 
timcric forms were detected m the non-reducing eel 
(Fin. 3(B), lane 3). 

The biological activity of CG«p) was assayed to 
find out the magnitude of its native conformation 
obtained during folding It was revealed from X-ray 
crystallography study that hCG-heterodimer is stabil- 
ized bv a segment of fi subunit which wraps around 
the Gc-subunU and is covalently linked by the disulfide 
bond (cys^cys,,,) [22]. This feature appears to be 
essential for the association of subuints and also for 
receptor binding of the hormone. Thus before associ- 
ation it is important for each subunit to attain its 
native conformation In the present context, only the 



natively folded CGfJ(p) molecules associate with their 
counter subunits (nCGot) to become biologically active 
for stimulating T production in T.eydig cells. There- 
fore. T production has been considered a satisfactory 
functional parameter to determine the biological ac- 
tivity of this hybrid hormone, which apparently 
increases with the heterodimenc form and hence with 
the native conformation of CG(3(p). It was found fan 
the dose response study (data not shown) that 6.7 pg 
of nhCG or an equivalent amount of the annealed 
hybrid hormone (based on RI.A estimation) stimulated 
50 pg testosterone in the I.eydig cells. Thus, on the 
basis" of steroidogenesis, the refolding efficiency ol 
CGP(p) was calculated as 13% ( Table 1). 

i.4. Cellular DNA and endotoxin 

Table 2 shows lesidual cellular DNA and endotoxin 
in the semiprocessed and in the final product of a 
representative batch of antigen preparation. It has 
been found that the majority of DNA and endotoxin 
loads in the product were removed in the first stage o! 
recvcle. In the course of subsequent stages of recycle, 
these impurity loads in the product were further mar- 
ginalized to variable extents. 
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Tabic 1 

Refolding efficiency of C Gji(pV' 



" " " ~, k u.a, hCG-eiu.valent by steroidogenes.s (jib ml" ! ) Refolding eRiccncy (%) 

Sulfonaled-hCGfl (up. ml"") hCG-equivalenl by R1 A (ng ml ) hCOqmalfJ 

1S , 15.4 13 

120 15 - 4 ■ 



_ , , M j f-ntlin) was annealed with nCOa. and ibe heterodii 
• The of .ul.uoa.ed hCGB was de.ernv.ned by BCA reaeenr Th e (o Ided CGP (P * a . ^ ^ ^ ^ j 

was equated by R1A. Based on R1A values, equal amounts of heterod mer andnhCO w werc SU pe„m P osable. which means 

bv ihe Levdi, cells w»s measured by WHO kit, The dose response c„ rv lor nhCG . nd (-.3%), as . mo, ofCG(Hp) 

hcterod.n.'er de.ecteo bv RIA was 100% biologically act, v.. So, the refold,,,, ethocnev was 
is annealed »iti. 1 moi of nCG. to form 1 mol of bioknpcally aC.vc hormone. 



DNA and endotoxin contents in the .niemiediate and final product 



, • h ' in l%5 > 360 160" ' 2 " 

n.ua] 1.23 lvu;> < 41 

I 1.10 2 *> <4 ' 7m <43 

II 1 05 .05 <« '"0 <46 - 

m 



0.93 51 < 45 



umn e,„:l,hratcd for protein non-.dsorb.ng cond.iK.ns l ^T" ^ ^ ™ 8 . ^ >J60 x 2880) E U ml", as 



sample solidified at 2SS0 
(-0.125 x 360) hU ml 



5.5. Comme/rcr «/ the final product 

Immunoreactivity and the parameters of fluor- 
escence spectra were used to determine the consistency 
of refolded CGfMp) produced in different batches. The 
results of three batches of antigen are summarized in 
Table V The CGp(p) produced in three batches 
reacted almost equally with the monoclonal antibody 
specific to nhCGp. The intrinsic and extrinsic fluor- 



escence spectral patterns were also consislent in all 
three batches of the antigen. 

3.6. Imiuwwgcnicity 

The antibodv response to CG[3(p) produced in three 
different batches are shown in Fig. 4. In all cases maxi- 
mum ant,body litre obtained on the 9lh week of im- 
munization were 3.1+0.80 ug ml' 1 , 4.2 ±0.70 rig ml 



Table 3 

Iinrmmoreacnv.iy and parameters of fiuoiescer.ee sped. 



Hatch no 



Immunoreactivity (absnrbai.ee at OD K in arb.tt.ry unit 



Intensity of emission spectra 



hv.nr.sic Extrinsic 
(arbl'.ary unit) 



Blue shift of extrinsic spectra (nrn) 



Sulfonated 
1 



11 
111 



o 

0.60 
O.O 
0 S5 



0.18 
0.43 
0.45 
0 41 



0.35 
0.45 
0 49 
()4f) 



I s (535 520) 
12 (535-523) 
15 (535- >?0) 



l, I ->n u" n,r' sulfonated hCG(i was taken in TnsCl-urea b..f- 

- Result of three efferent batches of Toidins experiments are R .vcn. In ^ ^ oldm „ w:15 farricd ol „ at 4 X for 14 h, which was rol- 
ler ,„ presence of eysteam.ne-cys.am.ne redox compounds a. a rnola, - .„ ]0 ^ ml -. pto .em quoted on IXISA pla.e, 
Imvcd bv slow removal of urea bv d.alys.s over a period of *>\ h " ™™ ...^'i,, Materials and Methods The intrinsic fluorescence 
followed b. reaction with primary and HRP-co,,„ S aied secondary a MK>,*M ■ phosphate buffer ( P H 6.8). 5 mVI KCI 

spec.ia iceoided in a SO mm pa,h-le„ g th cell ,n a total volume o 3 rr.. oj s :!r!1 ,, no . r n , p h,halene-M,lfonic acd (ANS. The 

and 20 pi pr.v.cm (.300 oM). The ex.nnsic speeiia was dctcn.net ... .be P-^meo J~ sh if : , or extrinsic spectra were calculated 

samples «ere excel a, 270 nn, and 3*0 nm to .ecord ininnsic and eur.ns.c , P ec . . r-pc > r£fokled ?m , c , n . 
fro-n .he ditTercnces between cmiss.on spectra of sulfonated hCGp (S3i nr..) .o thai m th.ee 
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# 1 



#2 #3 
Batch number 



#4 



4. The hCG-b.nd.ng rapacities of sera samples of W»U. : r«s f» 
- ^ Wisur rats were immurmrd with 10 MS equivalent ol a urn 

adsorbed CGPlup). ini-ii"" S.«n * 0 4 ™ Dnl]bolly 
w 5re bled on the 9,h week of nnmun^t.on an ™ llb ,°_, y 

cm. were assayed u«og hCCdimer specfic Hi A Ba 

CG(ilP) produced in three dillerenl batches. 



cli no. 4; CGPiup). 



am , ^ 4 '- 0.60 us ml The antibody ntrcs sub- 
' ' , "j j ,„h7v(] 40 u» ml over a period 
seuuently dropped to 0.25 U 4U p.„ t u/;„;^- 
„f -1 weeks (data not shown). Interestingly, the mo- 
tion of CGP(up) elicited negligible ( < 50 ug ml ) anti- 
body response (.Fig. 4. batch no. 4). 

3.7. Lymphocyte proliferation 

In order to evaluate potential T-ccll response to 
native or recombinant antigen, CGp»-P"™d mono- 
nuclear cells were cultured in the presence and absence 
of the antuzer, The T-ccll proliferation indices o 
mon kevs in response to the native or recombmant 
a „t,gen are shown in Table 4. Out of lour, three mon- 
keys responded to both forms of the anti.cn. Inaden- 
the monkey (MRA 474) which d.d not respond 
positivclv in the proliferation assay was a low rcspon- 
der one in terms of eliciting anti-hCG antibodies. 



4. Discussion 

The v.eld of [Vsubun.t of human chorionic gonado- 
tropin expressed in E. colt as inclusion bodies was su- 
perior to that obtained in other expression systems [, 
101 The recombinant antigen was purified to about 
90% homogeneity in one-step anion exchange chroma- 
uvraphv. The purified antigen was , m munoreactivc to 



is i 2< ton, /.«•>- i*"> 

native hCGp-specihc monoclonal antibody. The N-ter- 
minus sequence (20 aa) of the expressed subumt hor- 
nl one was identical to that of the native protein 
beginning with serine in position one. The amino acid 
sequence indicates that the expressed protein was ade- 
quately processed to remove N-termmus meth.onm* 
This was possible due to the piesencc of serine and 
lysine next to N-tormiaus methionine of the immature 
protein It has been found that the in vivo N-wrminus 
methionine ,s completely processed by methionine arm 
nopepiidase, proved the side chain of the amino acd 
next to it is short and/or the ammo acd is uncharged 

12 The hCGP molecule contains 12 half-cyst.nes which 
make six disulfide bonds. The thiol groups ol proteins 
"e unstable in vitro, as the disulfide bonds are otten 
venerated in the oxidizing environment at the time of 
processing Spontaneous oxidation of the thiol groups . 
Sts inborn paired disulfide bonds wi, conse- 
quent possible changes in the conformation. In ord 
I improve the yield of the monomenc form ol the 
antigen, the thiol group, were first protected by revers- 
ible modified ion with sulfonate groups. The mod.h.d 
protein was refolded into almost 100% soluble mono- 
melic CUP(P) in Presence of redox buner. lh,s was 
™de„t from the absence of oligomers in the non-redu- 
cing *el and from the elution profile ot the gel fil- 
tration chromatogram. Previously it has been reported 
bv other investigators that oligomers and urge ^mol- 
ecular aggregates were formed during in vitro told ng 
of hCGP UH. It is important to mention heie that 
these investigators did not protect thiol groups prior 
to foldine. The formation of mulumene protein was 



Table 4 

Proliferation 

CGfi|p) J 



„f CGp(p) primed T-rrlis in response to 



nCGIi and 



Proliferation index 



AnUECn 



Monkey 


nCG(i 


CGjSip) 








MRA 671 


3 1? 


(.20 


MRA 5^1 


3 <)5 


- 63 


MRA 474 


t r: 


I 04 


MRA 5d<> 


?.S6 


?. Sf] 



Anubody response 



+ f 



CGtSfp) ads,rl,rd on ,!am. Peripheral blood wa, , coLca d . . I In 
week of ,n,n,u n ,z.,. 1 on. and prescns.lucd ^ nM ^ c f%\ G ^. ) 
cMM were entered in the presence ol ether nW. CP or L mW 

a concentration of .0 »,c ml 1 A.ier 54 h. celts -re put, U 
i ,.Ci ; (H] for IS h. and us ,nco.p.»r 3 ..or. »J -U " 

m rel. Lu.crav.o., index was enVuUcd Ton tne raiio 0 [1 - h 
, rll1mf „^,rporan.,n '..> .he celts ,r> presc-.ee and ahsev.c o a.ilw.i 
Antibody respond - ianh-hCG ,,:e cl ,000-,5t»0 *U 
bod- .Jpcn'e ,::,,i,.l,CG u,:c .,f 500 1000 n S ml , annbodv 
response I (ann-hCG hire below 700 r.g ml ). 
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talicved to be due to inter-molecular disulfide bond 
Lotion and/or non-covalcnt association ot the 
Monomers. The monomer* CGp( P ) obtained in this 
^vcawation was a result of protection of the thiol 
\ mn s thiol/disulfide exchange in cystcamine-cysia- 
Sinc redox buffer in prcscr.ee of 3 M urea, and step- 
" sc removal of urea after refolding. The result also 
suss «is that CGp(p) iJ partially aggregated, ,f stored 

fr °Inmunoreactivity of the refolded protein was chan- 
„ L .j with the redox status of the folding reaction biif- 
% The antigen-antibody reaction was maximum in 
■ he c ,se of protein folded in 5 tnM cysteaminc and 
-. 5 irrM cvstamine redox buffer. Again, the magnitude 
",- lh is reaction (optical density! was comparable to 
,|nt with the native antigen. Tins demonstrates that a 
majority of the antigenic determinants were probably 
a) '„verved in CGP(p), if not completely. 

Ml three batches of the antigen elicited significant 
,nd comparable amounts of antibodies in Wistar rats, 
'indicating that CGpfp) was consistent in immunogenic 
response. In an earlier paper [12] it was shown that the 
recombinant antigen elicited bioneutralizing antibodies 
comparable to that obtained using native antigen. The 
results of the immunogenicity test demonstrate that 
CGfXp) had apparently the right conformation to pre- 
sent major B-cell epitopes on the surface. It has been 
reported earlier that B-cell epitopes in nhCGp are, by 
•ind iar^e discontinuous, which depend primarily on 
the conformation of the molecule [24], That CG(i(p) 
sensitized T-cells proliferated equally well in response 
to recombinant or native antigen also indicates that 
activated T-cells did recognize both forms of the anti- 
gen. This could be possible primarily due to confor- 
mational similarities between the recombinant and the 
native antieen. 

In order" to unde. stand whether protection of the 
disulfide bonds followed by oxidative folding is essen- 
tial for immmioeenicitv of the recombinant protein, 
tlie unprocessed antigen [CG|3(up)l was tested for anti- 
hndy response under identical conditions. The anti- 
liC'G antibody titre was significantly low as compared 
lo that elicited by CGfi(p)- This was probably due to 
improper folding of CGpYup) leading to non-ava.il- 
Jhilu, of B-cell epitopes on the surface. Both forms of 
'lie antieen [CGP(p) and CG(3(up)l were then analysed 
f"r the structural variation, if any, by limited proteol- 
ysis and with the help of fluorescence spectra. 'I he 
results showed sharp differences in the emission spec- 
"al patterns [12] between the two forms of the antigen 
"idicaiing structural differences This observation was 
supported by the finding that trypsin digested CGP(p) 
3n " C'G(j(up) liberate few dissimilar protein fragments 
° n 'he SDS PAGh gel (data not shown). 

T he present endeavour demonstrates refolding of 
Active P-subunit of hCG to a functionally active anti- 
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gen The processed antigen [CGp(p)] was highly immu- 
nogenic and elicited bioneutralizing antibodies m 
experimental animals 112]. The recombinant antigen 
was produced in a highly purified form, and is 
expected to be cheaper than the available forms of the 
antigen. This report will bring impetus m the develop- 
ment of a cost-effective birth control vaccine. 
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